The giant panda (Ailuropoda melanoleuca (David, 1869)), red panda (Ailurus fulgens F.G. Cuvier, 1825), and tufted deer (Elaphodus cephalophus Milne-Edwards, 1872) are endemic to the Himalayan Hengduan Mountains; the red panda extends into India, Burma, Bhutan, and Nepal, and the tufted deer extends marginally into Burma, while the giant panda is endemic to China. In Sichuan Province, uniquely, all three species occur sympatrically. We investigated microhabitat characteristics at 150 fecal-group sites from November 2002 to March 2003 to improve understanding of microhabitat separation among the three species at the Fengtongzhai Nature Reserve, Baoxing County, Sichuan Province, People's Republic of China. Density and height of bamboo were greater in the giant and red pandas' microhabitats than in those of the tufted deer. The red panda preferred microhabitats with greater tree-stump density, smaller trees, and shorter fallen log dispersion distance than the other two species. Tufted deer often occurred at sites with greater shrub density and herb cover and more open land with poorer concealment conditions than sites where the two panda species occurred. Both pandas' microhabitats were mostly concentrated on the upper hillside, unlike those of the tufted deer. The giant panda preferred microhabitats with a gentler slope and lower density of fallen logs. Selection of specific microhabitats by each species is an ecological adaptation dependent on behavior linked to its diet, body size, energy metabolism, and other factors. Microhabitat separation among these species reflects the integrated effects of their differences in diet, body size, and energy metabolism, which could facilitate their successful coexistence.
Introduction
The giant panda (Ailuropoda melanoleuca (David, 1869)), the red panda (Ailurus fulgens F.G. Cuvier, 1825), and the tufted deer (Elaphodus cephalophus Milne-Edwards, 1872) are endemic to the Himalayan Hengduan Mountains. The giant panda is now only found in Shaanxi, Gansu, and Sichuan provinces Hu et al. 1990; Wei et al. 2000) . The red panda has a much larger distribution range than the giant panda, extending from central Nepal eastward along the Himalayas through Bhutan, India, and Burma into China (Roberts and Gittleman 1984; Glatston 1994; Wei et al. 1999c Wei et al. , 2000 . The tufted deer is distributed in the southern and western parts of China, extending marginally into northern Burma (Wang 2003) . Sichuan Province is a unique region of sympatry for these three species.
Both panda species are considered rare and endangered. The giant panda population has a total of around 1000 individuals (Ministry of Forestry 1992). 2 Although the total population of red pandas is estimated to be 7000-8000, it is confronted with the same environmental and genetic pressures as the giant panda, such as habitat loss and fragmentation, poaching, and inbreeding depression (Wei et al. 1999c ). Currently, the giant panda and red panda are classified in China as Category I and Category II protected animals, respectively, and both are listed in Appendix I by CITES. In the case of the tufted deer, some rough local investigations (e.g., the Survey on Terrestrial Vertebrates of Sichuan Province conducted by the Sichuan Forestry Bureau and China West Normal University in 1997-2001) indicated that its population has decreased sharply in recent years because of habitat loss and poaching. It is now classified as a key protected animal in Sichuan Province (Hu and Wang 1984; Wang and Hu 1999) .
Both panda species belong to the order Carnivora, and are highly specialized as bamboo feeders. Ecological studies covering their diet, behavior, mating, evolution, classification, and so on have been carried out since the 1970s (Hu 2001) . Some researchers have found that microhabitats selected by them in the Xiaoxiangling and Qionglai mountains differ significantly, and that this microhabitat separation has contributed to their coexistence (Wei et al. 2000; Zhang et al. 2002) . The variables involved in these researches did not, however, yield an overall description of microhabitats, or demonstrate which factors are mainly responsible for the microhabitat separation. In our study area, another sympatric mammal, the tufted deer, is sometimes also found to feed on bamboo leaves and shoots, as has been recorded in Wolong Nature Reserve (Hu and Wang 1984) . To improve our understanding of microhabitat separation between the giant panda and the two sympatric species, our main objectives in the present study are (i) to test whether each animal has its own microhabitat-selection pattern based on a relative overall description of the microhabitats, and (ii) if so, to identify the factors that are mainly responsible for the microhabitat separation.
Study area
Fieldwork was carried out at Fengtongzhai Nature Re-serve, Baoxing County, Sichuan Province, People's Republic of China (102°48′-103°00′E, 30°19′-30°47′N). This reserve covers about 390.39 km 2 of rugged ridges and narrow valleys at elevations of 1000-4896 m. Our field research base was established in the core region of this reserve (102°53′27.5′′E, 30°37′02.9′′N), with a study area covering nearly 20 km 2 (Fig. 1) . Vegetation in the reserve shows characteristic vertical zonation. Subtropical evergreen broadleaf forest occurs below 1500 m, where the dominant trees are Cinnamomum wilsonii Gamble and Cinnamomum longepaniculatum N. Chao and H.W. Li. Mixed evergreen and deciduous broadleaf forest is prevalent at elevations of 1500-2000 m, the most common deciduous trees being Pterocarya stenoptera C. DC. and species of the genera Betula L. and Acer L. Between 2000 and 2900 m, mixed coniferous and deciduous forest occurs, the dominant conifers being Tsuga chinensis (Franchet) Pritzel ex Diels, Pinus armandi Franchet, and species of the genus Picea A. Dietr., and the dominant deciduous trees of the genera Betula, Tilia L., and Acer. Beneath this arboreal layer, the bamboo species Yushania brevipaniculata (Hand.-Mazz.) Yi occurs on the lower to middle part of the hillside and Bashania faberi (Rendle) Yi in the middle to upper part. Coniferous forest predominates at elevations of 2900-3500 m, the common conifer being Abies faxoniana Rehd. and Wils. and B. faberi occurs beneath the arboreal layer. Above 3500 m are shrubs or grassland.
Spring lasts from April to June, summer-autumn lasts from July to October, and the other months are winter. The average annual temperature, humidity, and rainfall are 5.9-7.2°C, 79%-83%, and 730-1300 mm, respectively. The highest mean daily temperature occurs in July, ranging from 15.1 to 16.3°C, and the mean daily lowest temperature in January, ranging from -4.0 to 2.7°C (unpublished data from Baoxing Weather Station, Baoxing County, Sichuan Province).
There are significant differences in some biological characteristics, such as height and density, between the bamboos B. faberi and Y. brevipaniculata, and both pandas spend most of the time in B. faberi forest. Some variables (oldshoot proportion, bamboo density, canopy category, etc.; see below) also vary greatly between seasons. To avoid these possible impacts, we carried out our fieldwork on microhabitat separation among these species only in B. faberi forest in winter, although we also went through Y. brevipaniculata forest during relevant surveys.
Methods

Microhabitat identification
All three mammal species live in mountainous terrain covered by dense forests, which makes it very difficult to observe them directly in the field. But feces that they left are an effective indicator of microhabitat selection. Although the feces of both pandas are spindle-shaped, those of the giant panda are more massive (average length by width 14.5 cm × 5.0 cm) and those of the red panda are much smaller (4.4 cm × 2.2 cm). Even the feces of an infant giant panda (7.5 cm × 2.5 cm) are larger than those of an adult red panda (Wei et al. 1999a (Wei et al. , 2000 . The feces of both pandas are blackish green, but those of the tufted deer are black and resemble small shelled peanuts, with length and width both below 1.0 cm. These characteristics of the feces make it very easy to distinguish the microhabitats selected by each animal in the field. Dueser and Shugart (1978) created a detailed sampling technique combining plots of various sizes and shapes, as well as small transects, which later proved to be applicable for most terrestrial vertebrates (Morrison et al. 1992 ). Based on this sampling technique, Wei et al. (2000) developed a modified sampling method and successfully applied it to study habitat separation between the two pandas. We adopted this method and made some modifications in design variables.
Sampling method and variable design
As far as was permitted by the nature of the terrain in our study area, we walked randomly through different vegetation and habitat types to search for feces left by the three species. When a fresh fecal group was encountered, three independent sampling units were built and centered on the location of the feces, including one 1.0-m 2 bamboo plot at the center, two 20-m 2 rectangular transects (each 2 m × 10 m), and one 400-m 2 square plot. One of the two 20-m 2 rectangular transects was perpendicular to the other, and their diagonals crossed at the location of the feces. Each side of the rectangular transect was parallel to the corresponding side of the 400-m 2 square plot. At the center of each 100-m 2 quadrant within the 400-m 2 square plot, an additional 1.0-m 2 bamboo plot was also sampled (Wei et al. 2000) . Twenty-four microhabitat variables were measured and are described in Table 1. In total, 150 plots were sampled between November 2002 and March 2003, 50 for each species (Fig. 1 ).
Data analysis
In principle, analysis of variance (ANOVA) could be applied under the condition that the distribution of the corresponding variable is normal; the Kruskal-Wallis test is nonparametric and applies for variables of non-normal or ambiguous distribution (Du 1984; Lu et al. 1997 ). Since we cannot confirm that every variable in our research was normally distributed, both one-way ANOVA and the Kruskal-Wallis test are used here to compare the means for each variable between the three species. We retained for further analysis only those variables that showed significant differences using both methods, to provide us with a conservative basis for detecting microhabitat separation.
For those variables showing significant differences, Duncan's multiple comparison method was then adopted to test whether or not these significant differences existed between all members. Finally, stepwise discriminant function analysis was used to further analyze microhabitat separation among the three species and to detect the variables primarily responsible.
Results
For each variable, the mean and standard deviation (SD) differed from each other. Except for tree-stump size, oneway ANOVA and the Kruskal-Wallis test gave similar results: 12 of the 24 variables differed significantly (Table 2) . Duncan's multiple comparison method showed that bamboo density and height were greater in both pandas' microhabitats than in those of the tufted deer. The red panda preferred microhabitats with higher tree-stump density, smaller trees, and shorter fallen log dispersion distance than the other two species. The fallen-log density in microhabitats of both red pandas and tufted deer was higher than in those of giant pandas. Wei et al. (2000) reported that fallen-log density, tree-stump density, fallen-log dispersion, etc. contributed most to the microhabitat separation between the two pandas, and this was directly correlated with the smaller body size of the red panda. Tufted deer often occurred at sites with higher shrub density, proportion of herb cover, and proportion of open land, and worse concealment conditions than the other two species. As far as slope position was concerned, both pandas' microhabitats were more concentrated on the upper hillside than those of the tufted deer; there is a close correlation between the proportion of herb cover and slope position, bamboo density and the proportion of open land, in that a lower slope position means more herb resources for the tufted deer (Table 3) . Compared with the other two species, the giant panda preferred gentler slopes. The above differences clearly indicated that each species had its own microhabitat-selection pattern.
However, only five variables -slope, slope position, fallen-log density, fallen-log dispersion, and open-land proportion -entered the discriminant functions (Table 4 ). This was probably related to the eigenvalues we chose as a criterion to retain variables in the discriminant functions (>3.84 for entry and <2.71 for removal). According to the principles of stepwise discriminant analysis, whereby only those variables with a significantly greater contribution can remain in the discriminant functions, these five variables clearly had the highest discriminant power to identify the microhabitats selected. Two discriminant functions were set up at the same time and the total correct classification rate was 76.7% for the 150 sampling plots ( Table 5 ).
The scatterplot for microhabitat plots visually illustrates microhabitat separation (Fig. 2) . Along the x axis, the micro- Average distance to the shrubs nearest the center in each 100-m 2 square plot Tree-stump density Average number of tree stumps (>15 cm in diameter) in each 100-m 2 square plot Tree-stump size (cm)
Average diameter of the tree stumps (>15 cm in diameter) nearest the center in each 100-m 2 square plot Tree-stump dispersion (m) Average distance to the tree stumps (>15 cm in diameter) nearest the center in each 100-m 2 square plot Fallen-log density Average number of fallen logs (>15 cm in diameter) in each 100-m 2 square plot Fallen-log size (cm) Average diameter of the fallen logs (>15 cm in diameter) nearest the center in each 100-m 2 square plot Fallen log dispersion (m) Average distance of the fallen logs (>15 cm in diameter) nearest the center in each 100-m 2 square plot Herb-cover proportion (%) Proportion of herb-cover area in the 400-m 2 plot; five categories: <20%, 20%-40%, 40%-60%, 60%-80%, and >80% Water-source dispersion (m) Estimated straight-line distance from the sampling plot to the nearest water source; three categories: <500, 500-1000, and >1000 m Concealing condition (m) Mean greatest distance looking eastward, southward, westward, and northward at a height of 1.0 m at the center of the sampling plots; four categories: <10, 10-20, 20-40, and >40 m Open-land proportion (%) Proportion of land area without bamboo cover in the 400-m 2 plot; five categories: <20%, 20%-40%, 40%-60%, 60%-80%, and >80% habitats of the tufted deer are far from those of both pandas (one-way ANOVA, F [1, 148] = 174.47, P < 0.001). As the variables with the largest absolute value of the standardized canonical discriminant function coefficient make the strongest contribution to the power of the corresponding function (Du 1984; Wei et al. 2000) , we concluded that open-land proportion and slope position were mainly responsible for the microhabitat separation between the tufted deer and the two pandas along the x axis. Similarly, fallen-log density, fallen-log dispersion, and slope were mainly responsible for the microhabitat separation between the red panda and the giant panda along the y axis (one-way ANOVA, F [1,98] = 60.69, P < 0.001).
Discussion
Most wild animals keep alert for the approach of humans. For wild mammals living in mountainous regions characterized by dense forest, rugged ridges, and narrow valleys, direct observation and tracking to study habitat utilization is nearly impossible. Finding an indirect approach to investi-gating their habitat requirements is necessary, and one of the most effective approaches is to find feces left in microhabitats. Previous research has confirmed that investigating habitat selection by giant and red pandas through their feces is feasible (Reid and Hu 1991; Wei et al. 1995 Wei et al. , 2000 Zhang et al. 2002) . Although the red panda is sometimes found to defecate at the same site on different occasions (Hu 1987) , there is no available evidence that its feeding sites are sepa- Note: Values are given as the mean with standard deviation in parentheses. Values followed by a different letter are significantly different (P < 0.05) between the three mammals (giant panda, red panda, and tufted deer). rate from its defecation sites. This is also the case for the tufted deer and giant panda, and our field observations also revealed many traces of feeding around their defecation sites. Again, previous research revealed that the longer these species spent in a habitat, the more feces they left Reid and Hu 1991; Wei et al. 2000) . We counted and recorded all fecal groups in each 400-m 2 plot sampled, the average being above 3.72; these were accompanied by many traces of feeding. This ensured that what we investigated was well-used microhabitats in each case.
A series of studies have demonstrated that microhabitat separation is the most common form of niche partitioning in sympatric species of mammals (Brown and Lieberman 1973; Dueser and Shugart 1978; Van Honer 1982; Wang 1995; Wei et al. 2000) . It has often been considered that microhabitat separation is responsible for multiple-species coexistence (Schoener 1982) . In our study, each animal had its own distinct microhabitat-selection pattern. The selection of specific microhabitats by each animal reflects an ecological adaptation dependent on behavior linked to its diet, body size, energy metabolism, and other factors, thus ensuring its successful survival and reproduction by minimizing competition.
As bamboo feeders, both pandas preferred to select microhabitats with higher bamboo density and height, and in such microhabitats concealment conditions were better because of lower open-land proportion and higher bamboo density (Table 2) . Bamboo is a low-quality food Schaller et al. 1985; Wei et al. 2000) , so a preference for such microhabitats could reduce the pandas' energy expenditure for searching, foraging, and moving (Reid and Hu 1991) . The tufted deer is not as reliant on bamboo as are pandas. Besides bamboo, the tufted deer usually feeds on herbs (Hu and Wang 1984) . So it prefers microhabitats with greater herb cover and open-land proportion and with lower bamboo density and height, which results in poorer concealment conditions, exposing it more to poachers or predators. However, the tufted deer has sharp senses of hearing and seeing, and a more open microhabitat might facilitate vigilance behavior, threat detection, and subsequent flight (Hu and Wang 1984) .
In accordance with observations from previous studies, the red panda usually used microhabitats with shorter fallen log dispersion distance, higher tree-stump density, higher fallen-log density, etc., which is directly correlated with its smaller body size and reliance on bamboo leaves (Wei et al. 2000) . Tree stumps and fallen logs could give it easier ac- cess to bamboo leaves (Johnson et al. 1988; Reid and Hu 1991; Wei et al. 1995 Wei et al. , 2000 Wang et al. 1998 ). For the same reason, bamboo height in microhabitats selected by red pandas was less than that in microhabitats selected by giant pandas, which in turn resulted in a difference in concealment conditions. No significant differences in shrub dispersion, shrub density, or tree-stump dispersion were detected between the two panda species in our study, which contrasts with findings for pandas in the Xiaoxiangling Mountains (Wei et al. 2000) . Most herbivores possess a gastrointestinal tract that is adapted to their diets; a long gut helps with retention of food and also harbors microbial populations that facilitate the use of plant foods (Sibly 1981; Hume 1989) . This is also the case for the tufted deer. As herbivorous carnivores, both panda species have a simple digestive tract lacking microbial symbionts Reid and Hu 1991; Wei et al. 1999b ). However, the red panda has developed a set of more efficient foraging strategies than the giant panda, although they are both obligate grazers (Hu 1987; Hu and Wei 1992; Wei et al. 1999b) . Some research has demonstrated that the giant panda's rate of energy intake appears to be only marginally higher than its energy expenditure; reducing energy expenditure is thus particularly important in its daily activity Reid and Hu 1991; Wei et al. 1997) . A preference for gentler slopes is a means of energy conservation for the giant panda Schaller et al. 1985; Reid and Hu 1991) , and it has been confirmed that the difference in the slope of microhabitats between the two pandas is closely related to their body size and energy expenditure (Wei et al. 1999b) .
As for nutritional quality, B. faberi is better than Y. brevipaniculata (unpublished data). Both pandas preferred to feed on B. faberi, although we sometimes found fresh feces left by a giant panda in Y. brevipaniculata forest. Moreover, perhaps because of previous human activity, we found a number of open patches in the middle to lower altitudes in our study area during our fieldwork period, and this was also evinced by the correlation between slope position and open-land proportion and herb-cover proportion (Table 3) . Pan et al. (1988 Pan et al. ( , 2002 and Liu et al. (2002) reported that giant pandas in the Qinling Mountains migrate to lower elevation forest during winter. In Sichuan Province, Hu et al. (1985) reported that giant pandas in Wolong Nature Reserve, which borders Fengtongzhai Nature Reserve in the north, spent most of the year in B. faberi forest, never even migrating to lower altitudes in Fuya town, Pingwu County, during winter (Hu et al. 1990 ). Our results parallel Hu et al.'s (1985) report.
The tufted deer's preference for lower elevation hillside was directly correlated with a higher herb-cover proportion, more common open land, and lower bamboo density (Table 3). The higher shrub density in tufted deer microhabitats doubtless relates to the fact the tufted deer sometimes feed on the leaves of evergreen shrubs (Hu and Wang 1984) . For the giant panda, however, lower shrub density could reduce energy expenditure for movement (Wei et al. 2000) .
Tree size in microhabitats of the red panda was less than in those of the other two species. The giant panda often selected conifer trees of greater diameter at breast height (DBH) as its scent-posts. In Wolong Nature Reserve, the mean DBH of conifers used as giant panda scent-posts was 44.3 cm (n = 162), except for two trees with DBH below 15 cm. Moreover, adult female giant pandas usually used tree "caves" as dens . In our study area, the mean DBH of four conifer trees containing these dens was above 120 cm. The reason why the tufted deer prefer bigger trees is still unclear.
Both pandas have specialized on a bamboo diet, which has resulted in their similar selection of general bamboo food. Besides slope, the factor of fallen logs, which is closely linked to the smaller body size of the red panda, was mainly responsible for the microhabitat separation between the two pandas. Less herb cover on the upper hillside was perhaps one of the main factors forcing the tufted deer to select a lower altitude in our study area. Combined with the significantly positive correlation between herb-cover and open-land proportions (Table 3) , it may thus be inferred that diet was perhaps the primary factor resulting in microhabitat separation between the tufted deer and the two pandas. Thus, microhabitat separation between these three mammals mainly reflected the integrated effects of their differences in diet, body size, and energy metabolism, which in turn facilitated their coexistence in the sympatric area.
